Introduction
Satsuma mandarins have traditionally been graded on peel color, fruit shape and defects. In the market place, however, taste is the most important factor.
In researching non-destructive techniques for quality evaluation, visible light has been used to estimate maturity of blueberries (McClure et al., 1975) , satsuma mandarin (Chuma et al., 1976) , tomato (Iwamoto et al., 1979) , and papaya (Birth et al., 1984) . Using NIR spectrophotometry, either reflectance or interactance methods have been used for determining dry matter of onions (Birth et al., 1985) , soluble solids of cantaloupe (Dull et al., 1989) , and sugars in peaches (Kawano et al., 1990 (Kawano et al., , 1992 and apples (Tenma et al., 1990 For intact and peeled fruits, the measurements were made at the equator and at the stem (polar axis) of the fruit. A 6.5 mm thick ceramic disk was used as a standard reference.
In addition, a NIR measurement of fruit juice was conducted using the method shown in Fig.   1 
I. Check of a linearity of the NIR instrument
To perform a quantitative analysis using the NIR method, the instruments must provide a linear response throughout the range used. Fig. 2 shows the NIR transmittance spectra of milk measured at different path lengths. If the response of the detector was linear throughout range measured, then NIR spectra would be parallel. That is, the interval shown in a wavelength region below 930 nm (see Fig. 2 ) would appear throughout the spectrum. However, above 930 nm and especially above 1100 nm, linearity was not maintained. The system response at different wavelengths ( Fig. 3) shows a relationship between log (1/T) value and the path length used to measure samples of milk as a function of wavelengths.
It was found that the system was linear in a wavelength region from 680 nm to approximately 930 nm. Therefore, this wavelength region was used for the analyses reported.
NIR spectra
The NIR spectra of intact fruits with different size but with same Brix value reveal that the NIR spectra measured at the equator of the fruit shifted upward as the diameter increased (Fig. 4) .
A very strong absorption could be observed around 680 nm, which was due to chlorophyll (Chuma et al., 1974 ; Iwamoto et al., 1979) . The fruit size effect could not be removed by the 2nd derivative treatment as shown in Fig. 5 . There- Table  1 . Characteristics of calibration sample set and prediction sample set of intact satsuma mandarin. fore, it was necessary to find an alternative method to reduce the fruit size effect.
Normalized NIR spectra
One method to reduce the fruit size effect was to divide the 2nd derivative spectra by the diameter of the fruit. However, this method is not convenient for routine application. Therefore, a wavelength with a 2nd derivative value having a high correlation to the diameter of the fruit was selected as a correction factor for fruit size. Fig. 6 shows a correlation coefficient at each wavelength between 2nd derivative value and the Brix value of fruit juice, and between 2nd derivative value and fruit size. A high correlation coefficient for fruit size could be obtained in the wavelength region from 835 nm to 855 nm, and in a region around 935 nm. At 935 nm, however, the correlation coefficient for the juice Brix value was also very high, indicating that the reading at 935 nm integrates the factors of fruit size and sugar content. Therefore 844 nm, having a high correlation only to fruit size, was selected as a denominator for normalization. The 2nd derivative spectra obtained were divided by a 2nd derivative value at 844 nm. The corrected spectra, hereafter called "normalized 2nd derivative spectra" , are shown in 
Multiple regression analysis
Using 50 samples, a multiple regression analysis was used to relate the Brix value to the normalized 2nd derivative spectra. 
